Introduction
Frailty has been defined as a vulnerability to stressors Quinlan et al., 2011) . Preoperative frailty predisposes a patient to negative consequences after the stress of surgery. Recent work has identified that frailty is a major risk factor for negative outcomes after cardiac surgery (Afilalo et al., 2012; Beggs et al., 2015; Green et al., 2012; Sepehri et al., 2014; Sundermann et al., 2011) , with a systematic review demonstrating a five-fold increase in postoperative major adverse cardiac and cerebrovascular events (OR 4.9, 95% confidence interval 1.6, 14.6) (Sepehri et al., 2014) . While the literature has largely focused on the biological aspects of frailty as a risk factor (Walston et al., 2006; Fedarko, 2011) , psychological and social frailty can also result in negative postoperative outcomes. This is particularly important in the context of cardiac surgery being offered in an increasingly older and frailer population (Mozaffarian et al., 2015; Seco et al., 2014; Altarabsheh et al., 2015; Singh et al., 2015) .
Frailty has also been defined as a geriatric syndrome (Inouye et al., 2007) , a broader concept where accumulated deficits (Rockwood and Mitnitski, 2011) on many pathophysiologic pathways can lead to a similar constellation of symptoms (or phenotype). For example, when an older adult suffers femoral fracture following a fall, the phenotype and risk of negative outcomes are clear. However, the cause of the phenotype is multifactorial with the physical environment, sensation, cognition, the emotional state, and social factors all contributing to the fall and fracture. Importantly, focusing on a pre-emptive treatment of a single cause is unlikely to modify the risk (e.g. removing throw rugs does not compensate for reduced muscle strength, poor eyesight, or post-prandial hypotension) (Moore et al., 2010) . Additionally, the literature supporting biological underpinnings is limited with respect to the phenotypic expression of frailty.
Successful surgical correction of cardiac disease has the potential to restore biologic function and provide substantial benefit for older, symptomatic patients (Mariotto et al., 1999; Bouma et al., 2004) . However, while many older adult patients survive surgery and return to preoperative functional levels, the perioperative risk of mortality and morbidity from cardiac surgery is higher than in younger patients undergoing similar procedures (Afilalo et al., 2012; Beggs et al., 2015; Green et al., 2012; Sepehri et al., 2014; Sundermann et al., 2011) . While the techniques and processes of cardiac surgery have progressed to allow older adult patients to be considered as surgical candidates, the surgery remains a physiological, psychological, and social stressor (Miller et al., 2012; Schoenenberger et al., 2013; Webb et al., 2010) .
Any surgery, including cardiac surgery, is a stressor to the patient. This manuscript examines frailty by using cardiac surgery as a "stressor" event in the older adult population. A vulnerable patient, who is more susceptible to the complexity of surgical process, will be at-risk for complications of the surgery and will be less likely to return to function postoperatively (Fig. 1) . The process of cardiac surgery is typically very structured: a) there is a baseline assessment; b) the surgical procedure (i.e. stressor) most commonly occurs a predetermined time and place; c) there is measurable systemic response; and d) there is anticipated survival and recovery course. (Box 1 describes stressors associated with cardiac surgery). By expanding the scope of vulnerability within the construct of the biopsychosocial model after cardiac surgery, we acknowledge that the surgical process includes factors that are outside of the control of the peri-operative team and may influence outcomes.
The biopsychosocial model and frailty
This biopsychosocial model has been applied in multiple conditions to understand the impact of illness (Engel, 1977) , particularly complex diseases. The syndrome of frailty has been applied to the Biopsychosocial Model using the stressor of cardiac surgery in this review. In the biological, psychological, and social domains, the literature supports frailty as a vulnerability to the stress of cardiac surgery. In the following sections, the association of frailty in each of the biopsychosocial domains with negative health outcomes after cardiac surgery will be reviewed. Importantly, there is a substantial overlap among the domains. (See Fig. 2 .) For example, cognitive frailty has biological, psychological, and social underpinnings that contribute to negative outcomes after surgery. Describing the overlap of domains is not possible within the scope of this manuscript.
Age, vulnerability, and frailty
One of the critical areas of overlap -age deserves mention. Age is inextricably linked to frailty, but not causally related (Inouye et al., 2007; Rockwood, 2005) . In the case presented, the patient's age is a risk factor for perioperative morbidity and mortality. However, the acuity of the patient's cardiac illness (Alexander et al., 2000) , physiology as well as the underlying comorbid disease (Srinivasan et al., 2004) and functional (Alexander et al., 2000) status, should be considered in the decision for cardiac surgery. Chronological age alone cannot be the sole factor in determining operative vulnerability.
Biological frailty

Case continued
Mr P. has many chronic medical conditions including hypertension, hyperlipidemia, benign prostatic hypertrophy, osteoarthritis of the knees and hands, gastroesophageal reflux, and constipation. He takes 8 different medications and a multivitamin every day. He is able to walk about 100 m before the chest pain causes him to stop. Mr P. develops chest pain during the climbing of one flight of stairs to his bedroom. He frequently complains of fatigue and takes an afternoon nap daily. He has had an unintentional 4-kilogram weight loss in the 12 months.
When considering the biological domain, there is a significant body of evidence that the contribution of physiological function (Nashef et al., 2012; Anderson, 1994) , comorbidity (Anderson, 1994; Head Fig. 1 . Response to stressors. When a frail patient is subjected to a stressor, such as cardiac surgery, there is a reduced ability to return to the prior level of functioning and frequently negative outcomes. They tend to attend a new "baseline". As these stressors become more severe or more often, the baseline status continues to trend down. Patients with preexisting vulnerabilities may undergo cardiac surgery at lower functional levels (i.e. cardiac surgery stress is shifted right). Fig. 2 . Biopsychosocial model for frailty. As a vulnerability to stress, frailty can occur in the biological, psychological, or social domains. Importantly, there is overlap among the domains, resulting in vulnerability outside of the narrowly defined physical frailty criteria. et al., 2013), and inflammation (Park et al., 2016; Amar et al., 2007) contribute to a patient's vulnerability for negative outcomes after cardiac surgery (Chen et al., 2014) . The case presented identifies multiple comorbid conditions and treatments, each with a molecular underpinning that can contribute to a negative response to stress. For example, the osteoarthritis of the knees, in addition to limited mobility, is associated with an increase in baseline inflammation and subsequently treated with an agent (non-steroidal anti-inflammatory drugs) that affects platelet function thereby increasing the risk for bleeding after surgery. Each factor has a separate biological underpinning and cumulatively contributes to a propensity for adverse events after cardiac surgery, yet each is dependent on the others.
Physiological frailty
There are, presently, two major scoring systems that are commonly utilized to predict the risk of negative outcomes following cardiac surgery. Both the Society of Thoracic Surgeons (STS) (Anderson, 1994; Hemmann et al., 2013) and the European System for Cardiac Operative Risk Evaluation II (Nashef et al., 2012 ) (EuroSCORE II) risk prediction tools are sophisticated models used for prediction of morbidity and mortality following cardiac surgery. As a result, the physiological variables entered into the models meet the broad definition of frailty. While these tools have incorporated age, both in their current iteration, focus on "traditional" physiology variables and thus provide information limited to the patient's physiological vulnerability. It is becoming increasing evident that a more comprehensive assessment that involves the psychological and social frailty assessments as part of their algorithm is necessary for the contemporary cardiac surgery patient (Beggs et al., 2015; Afilalo et al., 2014) .
Comorbidities
On a fundamental level, medical conditions reduce an organ system's ability to respond to stressors and multiple comorbidities should increase vulnerability to the stress of cardiac surgery (Fried et al., 2004) . While both the STS and EuroSCORE II risk prediction scores incorporate a collection of co-morbid disease, listing diseases provides a basic measure of organ function and does not account for the range in organ function. Additionally, many chronic medical conditions such as inflammatory, cognitive, or oncologic conditions are not included as these are not presently routinely collected as part of the preoperative evaluation as the majority of currently utilized assessments did not consider the aging population that is now being referred for cardiac surgery procedures. Therefore, as the incidence of comorbid medical conditions grows in an older and complex operative population, there is a need to have a deeper understanding how the additional factors increase a patient's vulnerability to the anticipated stress of their surgical procedure. Past work identified that comorbidity was a risk factor for frailty (Fried et al., 2001) . With increasing comorbidities, comes increased preoperative medication utilization and potentially altered drug metabolism (Nobili et al., 2011) . The potential for interactions, reactions, and adverse events increases when baseline polypharmacy is combined with the perioperative medications (Kennedy et al., 2000) .
Inflammation
In studies of sepsis (Slotman, 2000) , trauma (Perl et al., 2003) , surgical complications (Holmes et al., 2002) , and exercise (Pedersen et al., 2000) , those patients with higher baseline circulating inflammatory cytokines had an heightened and prolonged inflammatory response compared to those with lower baseline inflammation. Importantly, preoperative levels of inflammatory markers have been shown to be higher in frail versus non-frail individuals (Fried et al., 2001) . And has suggested that chronic low-level inflammation makes one prone to frailty (Cohen, 2000; Pawelec, 2005) . During cardiac surgery, there is a dramatic rise in inflammatory markers with levels that can be over 100 times the baseline level (Holmes et al., 2002; Biglioli et al., 2003) . Therefore, when primed with pre-existing low level inflammation, the response to stressors following cardiopulmonary bypass can be significantly amplified (Pai et al., 2004; Magovern et al., 2007) . As a result, frail patients with low levels of inflammation may have more of an inflammatory response which might contribute to negative postoperative outcomes such as vasoplegia, atrial fibrillation and delirium (Ishii et al., 2005; Rudolph et al., 2008) .
Physical frailty
With the description of Fried's Frailty Phenotype (Fried et al., 2001) , there is a growing body of literature on the interrelationship of physical frailty and multiple negative consequences. Fundamentally, this physical frailty model can be utilized to further our understanding of responses to the stress of cardiac surgery. In the sections below, we examine the components of this frailty phenotype with relationship to cardiac surgery stress.
Decreased activity
The presence of underlying chronic disease further contributes to the limitation of physical activities in older adults, leading to acceleration of catabolic process (Toth and Poehlman, 2000; Judge et al., 1996) . Importantly, preoperative gait speed is developing as a marker of morbidity and mortality after cardiac surgery (Afilalo et al., 2010) . In the case outlined above, the presence limits of preoperative physical activity combined with osteoarthritis, hormonal imbalance/deficiency such as testosterone imbalance, compounds the problem. Instrumental activities of daily living (IADLs) dependence and the use of walking device were independent predictors of the outcome of cardiac surgery in the older patients (Hoogerduijn et al., 2014) .
Sarcopenia
Sarcopenia, a loss of muscle mass, is associated with adverse clinical outcome after cardiac surgery (Visser et al., 2013) . The loss of muscle mass associated with sarcopenia represents not only a risk in physical capabilities for recovery, but an unknown impact on cardiac muscle function. In a healthy older adult population, the loss of 70% of basal muscle power was associated with physical frailty (Skelton et al., 1994) .
Weight loss
There are extremes of weight that can lead to vulnerability after cardiac surgery. Both malnutrition from protein deficiency and obesity are associated with poor wound healing and multiple complications (Morley, 2001 ) and low albumin associated with operative mortality (Gibbs et al., 1999) . Further complicating the picture are dietary restrictions (Umezawa-Makikado et al., 2014), difficulties in chewing and swallowing (Hogue et al., 1995) , medication and their side effects (Kennedy et al., 2000) , and comorbidities (Fried et al., 2004) . Importantly, the value of weight loss is a marker of morbidity and mortality after cardiac surgery (van Venrooij et al., 2008) .
Exhaustion
Exhaustion was the defining feature of frailty in patients with CVD (Afilalo et al., 2012) . In combination with the psychological domain below, the exhaustion component represents the overlap of physical and psychological frailty.
Psychological frailty
Case continued
Mr. P had difficulty maintaining the house after the death of his wife 2 years ago as she managed many of the household activities. Currently, he drives to the store, prepares his meals, and is able to perform housework. He depends on his neighbors for maintaining the exterior of his home which the chest pain has proven limiting. He is frustrated by the physical limitations, but thankful that he is able to continue driving. He states that he has no problems with memory besides forgetting where he put his keys. He denies having symptoms of depression.
The relationship between atherosclerosis and psychological disease, including cognitive impairments (Rockwood et al., 2003; Selnes and Vinters, 2006) and psychiatric disease (Alexopoulos et al., 1997) , has been well established. We used the psychological domain of frailty to examine how the stressor of cardiac surgery impacts the recovery. While psychological frailty lacks the definitive criteria and measurement ability of physical frailty, few would argue that recovery in the psychological domain is critical to returning to preoperative levels of function (Horne et al., 2013a (Horne et al., , 2013b .
Cognitive frailty
The impact of cardiac surgery on postoperative cognitive function has been debated for years (Murkin et al., 1995; Newman et al., 2007) . Challenged by measurement of cognition before and after cardiac surgery (Murkin et al., 1995; Rudolph et al., 2010a) , there are some fundamental vulnerabilities that may predispose patients to subsequent cognitive decline. It needs to be stated clearly that most patients who undergo cardiac surgery return to baseline (van Dijk et al., 2007; Selnes et al., 2008) . However, a small group of patients have a measureable cognitive decline after cardiac surgery (van Dijk et al., 2007; Selnes et al., 2008; Newman et al., 2001) .
Preoperative cognitive impairment
Patients with atherosclerosis have lower preoperative cognitive performance (Selnes et al., 2008) . There are many studies which identify a fundamental cognitive decline preoperatively in those patients undergoing cardiac surgery relative to age, gender, and education matched controls (Selnes et al., 2008) . If a cognitive insult is associated with cardiac surgery, those with pre-existing cognitive impairment are more likely to experience further decline.
Delirium
Delirium is an acute change in attention and cognition that occurs in up to 50% of cardiac surgery patients (Rudolph et al., 2009) . Delirium is independently associated with functional decline after cardiac surgery (Rudolph et al., 2010b) . Recovery in surgical patients with delirium can be delayed, particularly in those patients with preoperative cognitive impairment (Gleason et al., 2015) . Patients who are preoperatively frail are more likely to develop delirium (Jung et al., 2015) .
Postoperative cognitive decline
While measurement of cognitive function is challenging in the preoperative and postoperative settings, there are several comprehensive reviews of cognitive decline following cardiac surgery (Newman et al., 2007; Rudolph et al., 2010a) . This postoperative cognitive decline has been found in both cardiac (van Dijk et al., 2007; Selnes et al., 2008; Newman et al., 2001 ) and non-cardiac surgery (Moller et al., 1998; Monk et al., 2008) and can last for years. Postoperative cognitive decline appears to be more common among those with pre-existing cognitive impairments, however, suggesting that the decreased cognitive reserve is unable to respond to the stress of the surgical procedure ( Fig. 1 ) (Nadelson et al., 2014) .
Mental health
Depression
Cardiac surgery is associated with mental health stress when measured on standardized questionnaires. Rating questions regarding energy, mood, appetite, and thoughts about the future are contextually different as a patient is adapting to the impending cardiac surgery. A systematic review found that as patients entered the recovery period (2 weeks postoperatively), depressive symptoms measured on standard instruments and depression diagnosis was lower than preoperative levels (Ravven et al., 2013) . Importantly, those who were diagnosed with depression N1 week prior to cardiac surgery were less likely to experience depression remission postoperatively (Ravven et al., 2013) . This response to the mental health stress of cardiac surgery can provide valuable insight into cardiac surgery outcomes.
Despite the timing limitations, screening for preoperative depression has been found to be an important determinant of outcomes following cardiac surgery. Cardiac events included angina or heart failure that needed admission to hospital, myocardial infarction, cardiac arrest, percutaneous transluminal coronary angioplasty, repeat CABG, and cardiac mortality (Connerney et al., 2001 ). There remains considerable debate as to whether depression in itself is a vascular phenomenon related to the atherosclerosis in these patients (Alexopoulos et al., 1997) . The clinical take away highlights the importance of screening for depression in both pre-and post-operatively setting (Horne et al., 2013a (Horne et al., , 2013b .
Social frailty
Case continued
Mr. P has lived in the same town for over 60 years and was once very connected in civic and religious organizations. He has seen his social network decline due to deaths and functional limitations of his friends. He feels less connected and does not regularly attend services. He has three children and four grandchildren. His daughter lives 45 min away, however tries to visit weekly. His other children and grandchildren live in distant states. He draws a small pension and has social security for income which allow him to pay the bills without savings. He recently asked his daughter to assist with paying the bills after a recent hospitalization.
There are social factors that predict recovery after cardiac surgery such as adaptive characteristics, social support, geographic distance, and socioeconomic status. There are also gender (Ried et al., 2012) and racial disparities (Mozaffarian et al., 2015) in the availability of cardiac surgery care that influence outcomes. Additionally, sociodemographic influences can impair cardiac surgery outcomes. For example, b12 years of education increases risk of long-term mortality after cardiac surgery (Cserep et al., 2012) . These factors appear to be independent to the biological, physical, and cognitive stress of cardiac surgery.
Coping
While cardiac surgical care and outcomes continue to improve (Mozaffarian et al., 2015) , cardiac surgery brings a substantial "unknown", particularly for the under-informed patient. For example, a cardiac surgery patient is subjected to perioperative protocols for pain, ambulation, and nutrition. These protocols are appropriate for care, but can be different from the patient routine. While most patients will adapt to the short-term change in routine, frail patients have been described to have a maladaptive response to such stressors (Andrew et al., 2012) . Similarly, increased anxiety measured preoperatively has been associated with negative outcomes postoperatively (Cserep et al., 2012) .
Coping with these risks and deviations from routine, draw on the patient's psychological and social functioning. For example, older hospitalized, patients who have low psychosocial resources had increased hospital mortality, longer LOS, discharge to a higher level of care, and increased readmission (Hoogerduijn et al., 2014) . Additionally, short-term depression and anxiety among older adults following cardiac surgery are partially alleviated when patients employ prayer and are hopeful as part of their coping strategy, but may not impact long-term outcomes (Ai et al., 2010) .
Social support
Postoperative recovery following cardiac surgery draws on the patient's social structure (Hoogendijk et al., 2014) . For example, having home support for daily activities, such as driving to follow up appointments, allows a patient to focus on recovery. A recent report found that married patients had improved mortality or functional recovery relative to separated or widowed patients (Neuman and Werner, 2015) . Social support might allow home-based cardiac rehabilitation which was associated with improved health related quality of life (Salavati et al., 2015) relative to usual care. Another study found that patients who lived near the hospital where surgery was performed had lower mortality, presumable due to the ability of social support during and after the surgery (Chou et al., 2014) .
Addiction
In addition, preoperative addiction can be a risk factor for negative surgical outcomes. Pain perception is different in patients with nicotine and opioid addiction. Preoperative alcohol intake is associated with increased complications (Bradley et al., 2011) . Smokers were noted to have higher amount of pain medication after CABG compared to nonsmokers (Creekmore et al., 2004) . Routine use of nicotine replacement therapy is not recommended as a randomized study found increased mortality after CABG (Paciullo et al., 2009 ) and a meta-analysis of ICU patients was not conclusive (Wilby and Harder, 2014) . Patients with opium dependence have a high threshold for pain medication and a recent study showed that spinal anesthesia may reduce the incidence of postoperative delirium (Tabatabaie et al., 2015) .
Overlap of biopsychosocial frailty domains
Case continued
Mr P. and his surgeon have a discussion about cardiac surgery including the perioperative course, the need for follow-up and cardiac risk modification, the potential benefits to his function, and the potential operative, functional, and cognitive risks. In evaluating the patient, the surgeon collects information on the patient's baseline physiologic function, his limited physical performance, his cognitive decline, and his social isolation. The patient wants to discuss the surgery with his daughter before deciding to undergo surgery, as the decision would affect her as well.
Overlap
In the context of the cardiac surgery stressor, there are vulnerabilities within the biological, psychological, and social singular domains alone that influence poor recovery. Pragmatically, these vulnerabilities do not occur within the isolation of a single domain -there is overlap. For example, increasing age is associated with comorbidity, physical frailty, cognitive impairment, depression, social isolation, socioeconomic status. All of these factors are independently associated with outcomes after cardiac surgery. Logically, we assume that the accumulation of deficits in a cognitively impaired, highly-comorbid, and isolated patient is going to present a less optimal candidate for surgery. However, the intersection of these domains with cardiac surgery outcomes needs exploration to make this definitive statement.
Conclusion
With the acceptance that cardiac surgery is a stressor event for the older adult patient, the recovery response following surgery can be utilized to gain an understanding of a population who might not be able to recover from that stress -a frail population. Frailty is a geriatric syndrome (Inouye et al., 2007; Boyd et al., 2005 ) with a constellation of symptoms and many contributing factors. While literature has primarily focused on physical frailty, vulnerability in the psychological or social domain contributes to the vulnerability to the surgical stressor. Deficits in multiple domains likely increase the risk of negative postoperative outcomes. Lastly, despite choosing a focus on cardiac surgery, the literature on the impact of perioperative frailty remains sufficiently heterogeneous. As such this review serves to highlight the need for standardized definitions and measurement tools in older adult undergoing surgery. Preoperative screening is helpful at identifying vulnerabilities, but the clinically applicable tools for this screening need additional prospective clinical investigation.
Disclosures
The authors declare no conflicts of interest.
